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Abstract 
Physical activity (PA) decreases during the transition from childhood to adolescence, with 
larger declines observed in girls. School-based interventions are considered the most 
promising approach for increasing adolescents͛ PA levels although, it is unclear which types 
of school-based interventions have the greatest impact. The objective of this systematic 
review is to assess the impact and design of school-based PA interventions targeting 
adolescent girls. A systematic search was conducted using four electronic databases 
(PubMed, Web of Science, SPORTDiscus and PsychInfo). This systematic review was 
registered with PROSPERO (Registration number: CRD42016037428) and PRISMA guidelines 
(2009) were followed throughout. Twenty studies were identified as meeting the inclusion 
criteria and were included in a narrative synthesis. Seventeen studies were eligible for 
inclusion in a meta-analysis. There was a significant small positive treatment effect for school-
based PA interventions for adolescent girls (k=17, g= 0.37, p<.05). After an outlier was 
removed (residual z = 7.61) the average treatment effect was significantly reduced, indicating 
a very small positive effect (k = 16, g= 0.07, p=.05). Subgroup analysis revealed very small 
significant effects for multi-component interventions (k= 7, g= 0.09, p<.05), interventions 
underpinned by theory (k= 12, g = 0.07, p<.05), and studies with a higher risk of bias (k= 13, g 
= 0.09, p<.05). Intervention effects were very small which indicates that changing PA 
behaviors in adolescent girls through school-based interventions is challenging. Multi-
component interventions and interventions underpinned by theory may be the most effective 
approaches to positively change adolescent girls͛ PA.  
Keywords: Adolescents, Girls, School, Physical Activity, Intervention. 
 
Abstract = 245 words 
Main text (excluding tables, in-text citations and references) = 4,347 
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Introduction 
The World Health Organisation (2014) has classified physical inactivity as the fourth leading 
risk factor for global mortality from non-communicable diseases. Insufficient physical activity 
(PA) contributes towards 3.2 million deaths (5.5%) worldwide per year (World Health 
Organisation, 2014). A strong body of evidence indicates that regular moderate-to-vigorous 
physical activity (MVPA) is associated with numerous health benefits for children and young 
people (Chief Medical Officers, 2011). These include reduced body fat and the promotion of 
healthy weight, enhanced cardio-metabolic and bone health, and enhanced psychological 
well-being (Biddle & Asare, 2011; Janssen & Leblanc, 2010). 
Though the benefits and protective effects of regular PA are well understood, insufficient PA 
during adolescence is a major concern (Heitzler et al., 2011; Khunti et al., 2007; Sisson, 
Broyles, Baker, & Katzmarzyk, 2010). Inactive adolescents are more at risk of being 
overweight or obese and have a greater chance of developing type 2 diabetes (World Health 
Organisation, 2015). Additionally, physical inactivity is a major risk factor for not only poor 
physical health but is also associated with poor mental wellbeing (Ar-yuwat, Clark, Hunter, & 
James, 2013). More frequent engagement in PA contributes towards greater well-being and 
lower levels of anxiety and depressive symptoms in both sexes (McMahon et al., 2017).  
According to global estimates of self-reported PA, 80% of 13–15-year-olds do not engage in 
60 minutes of MVPA per day, with girls being less active than boys (Hallal et al., 2012). A 
combination of biological and psychosocial factors put adolescent girls at risk of inactivity and 
uptake of sedentary lifestyles (Young et al., 2014). A review of 26 longitudinal studies 
concluded that there was a 7% decrease in total PA per year during adolescence (Dumith, 
Gigante, Domingues, & Kohl, 2011), with the most recent studies indicating that girls͛ PA 
levels declined at a greater rate than boys͛. Research assessing objectively measured PA from 
the International ChildreŶ͛s Accelerometry Database (ICAD) suggests that boys were more 
active than girls but, both boys͛ and girls͛ MVPA levels declined steadily through adolescence 
(Cooper et al., 2015). There is no widely accepted explanation for this decrease in adolescent 
girls. However, it is suggested that alongside biological changes, lack of enjoyment, negative 
experiences in, and perceptions of school-based PA may be important factors (Barr-Anderson 
et al., 2008). 
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Previous systematic reviews (Camacho-Minano, LaVoi, & Barr-Anderson, 2011; Voskuil, 
Frambes, & Robbins, 2017) and a meta-analysis (Pearson, Braithwaite, & Biddle, 2015) have 
assessed interventions to promote PA in adolescent girls across school and community 
settings. Voskuil et al. (2017) reported highly variable effect sizes, inferring that PA 
interventions only had a small effect on objectively measured PA in girls  aged 6-18 years  
(Voskuil et al., 2017). Camacho-Minano et al. (2011) found overall mixed results regarding the 
effectiveness of PA interventions for adolescent girls but, suggested that multicomponent 
school-based interventions, which included PE that addressed the unique needs of girls were 
the most effective. Pearson et al. (2015) reported small but significant effects (g= 0.35, 
p<.001) for the effectiveness of PA interventions on girls aged 12 to 18 years. Larger effects 
were found for interventions which were underpinned by theory, school-based, girls only, 
targeted younger adolescents (ages 12 to 15), multicomponent in design, and that targeted 
both PA and sedentary behaviour.  
Camacho-Minano et al. (2011) and Pearson et al. (2015) suggested that school-based PA 
interventions are the most promising setting to impact adolescent girls͛ PA levels. Thus, this 
review aims to address this gap in the literature and assess the effectiveness of girl-specific 
and mixed-sex school-based interventions on adolescent girls͛ PA. The inclusion of mixed-sex 
studies is novel because often reviews (Camacho-Minano et al., 2011; Voskuil et al., 2017) 
focus only on interventions exclusively designed for girls, when mixed-sex interventions could 
be equally as effective for girls. The purpose of this study was to systematically review school-
based PA interventions involving adolescent girls and quantify their effect through meta-
analysis.  
 
1. Methods 
This systematic review was registered with PROSPERO (Registration number: 
CRD42016037428). This review adhered to the PRISMA reporting guidelines for systematic 
reviews (Moher, Liberati, Tetzlaff, & Altman, 2009). 
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2.1 Search Procedure 
A systematic search was conducted using four electronic databases (PubMed, Web of Science, 
SPORTDiscus and PsychInfo). Journal articles published in English post 31/12/2004 until the 
date of the last search (01/12/16) were considered for review. The key words included; 
physical activity, physical education, sedentary behaviour, sedentary time, walking, sport, 
fitness, energy expenditure, school, teacher, classroom, gymnasium, sports hall, recess, 
playtime, break time, playground, before-school and after-school.  The search strategies are 
detailed in the supplementary information (Supplementary Table 1). Reference lists of 
retrieved articles were examined for additional articles.  
 
2.2 Inclusion and Exclusion Criteria 
Studies were eligible if they reported the effects of school-based PA interventions on PA 
outcomes among adolescent girls (mean age 11-18 years), with the primary outcome being 
objectively measured or self-reported PA levels. Feasibility and pilot studies were included. 
Mixed sexed studies were included if girls͛ data were presented separately to ďoǇs͛ or if girls͛ 
data were received upon request. A school-based intervention was defined as one that 
occurred in the school environment. The extended school day (8am-6pm) was used to 
operationally define the school day, so as to capture school-based interventions that took 
place before and after formal hours (e.g., breakfast clubs, boot camps, after-school activities, 
etc). Studies could be randomised or non-randomised and only published peer-reviewed 
studies were reviewed. Only journal articles published post 31/12/2004 were considered 
after preliminary searches (͚phǇsiĐal aĐtiǀitǇ͛ AND ͚girls͛ AND ͚iŶterǀeŶtioŶ͛Ϳ indicated that 
most interventions had been conducted in the last 10 years with the earliest published in 
2004. 
All search results were exported into a reference manager (Endnote x7.4, Thomson Reuters) 
and duplicates were removed. Initially, the first author (MO) screened all titles and abstracts 
for obvious irrelevance, and a random sample (20%) were also checked by another author 
(WC). The full-text of eligible studies were then retrieved and reviewed by two authors (MO 
and WC). Where full texts were not readily available, the lead author was contacted and asked 
to provide the full text for further assessment on eligibility. If no response was received after 
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a follow-up reminder, these studies were excluded as they could not be fully assessed for 
eligibility. Any disagreements were resolved in a meeting involving three authors (MO, WC, 
and SF). 
 
2.3 Data Extraction and Synthesis  
Relevant data from the selected studies were extracted by the first author (MO) and checked 
by the second author (WC) (see Table 1). If studies reported multiple PA outcomes, data for 
the primary outcome stated in the studies͛ aims and objectives were used. Any disagreements 
were resolved through a consensus discussion between MO and WC. A narrative synthesis 
was completed to provide a summary of school-based PA interventions for adolescent girls 
(11-18). 
 
 
 
 
 
Table 1. Data Extraction Procedure  
Study Characteristics  (a) Author, year of publication, country  
(b) Aims and objectives of study  
(c) Participant characteristics  
(d) Study design  
(e) Intervention content 
Theory Underpinning 
Intervention 
(f) Any theory or model that the authors suggest underpins the 
intervention, including non-behaviour change theories  
PA Measurement Tool (g) Any measurement tool used to collect PA data, including outcome 
measure of PA 
Primary PA Findings (h) Key findings of each study in relation to PA change due to the 
intervention 
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2.4 Risk of Bias Assessment  
Included studies were assessed for risk of bias using a modified tool (Morton, Atkin, Corder, 
Suhrcke, & van Sluijs, 2016; Pluye, Gagnon, Griffiths, & Johnson-Lafleur, 2009) appropriate 
for PA reviews which include measures for quantitative experimental and quantitative 
observational studies. This adapted risk of bias assessment tool (Supplementary Table 2) used 
a 1-4 scoring system (i.e., 1= weak, 2= moderate, 3= strong and 4= very strong) at study level 
as a combined risk of bias score. A higher risk of bias score indicates better methodological 
quality with a lower risk of bias score indicating poorer methodological quality. Risk of bias 
was scored on the presence or absence of each criteria respectively (sequence generation 
and/or randomisation, concealment and/or blinding, complete outcome data and/or low 
withdrawal/drop-out (<20%), appropriate outcome measure). Studies were scored on what 
was reported in the current article or if they cited a previously published protocol paper which 
was examined for further information.  
 
2.5 Meta-Analysis  
Meta-analytic procedures were conducted in R (https://cran.r-project.org) using the metafor 
package (Viechtbauer, 2010). Studies were included in the meta-analysis if they employed a 
pre-post control group design. Pre-post intervention PA levels were used as few studies 
included post-intervention follow up data. The meta-analyses effect size selected was 
Hedge͛s g, which provides a correction factor for smaller sample sizes (k<20). Meta-analyses 
were conducted using random effects models to reflect the likelihood of different effect sizes 
underlying the studies due to the diversity of the included interventions and their 
implementation (Borenstein, Hedges, Higgins, & Rothstein, 2010). Heterogeneity was 
assessed using CoĐhraŶe͛s Q-statistic and I2 (Higgins, Thompson, Deeks, & Altman, 2003). The 
Q-statistic and corresponding p value provide a calculation of variance between study effects. 
A significant Q value indicates systematic differences between the individual studies which 
might influence the results. I2 is represented as a percentage with a value of 0% indicating no 
dispersion and larger values indicating gradual increases in heterogeneity (i.e., 25% = low, 
50% = moderate, 75% = high level of heterogeneity (Higgins et al., 2003). Subgroup analyses 
were performed on possible moderators of the average intervention effect. These were: 
physical activity measurement method (objective vs. self-report), intervention duration (short 
vs long), risk of bias (*/** vs. ***/****), intervention design (single component vs. multi-
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component), presence of underpinning theory (yes vs. no), and the target sex (girls only vs. 
mixed sex). 
 
Outliers were identified to evaluate the influence of extreme values on the overall treatment 
effect. Studies with an inflated residual value approximately two standard deviations 
(z=±1.98) above or below the average treatment effect were considered outliers.  Publication 
bias was estimated by examining asymmetry of funnel plots (effect size vs. standard error) 
where asymmetry is indicative of publication bias (Sterne & Egger, 2001). Following these 
visual inspections, the trim and fill procedure (Duval & Tweedie, 2000a, 2000b), OrǁiŶ͛s fail 
safe number (Orwin, 1983) and Egger͛s regression test (Egger, Smith, Schneider, & Minder, 
1997) were used to confirm the presence or absence of publication bias. 
 
2. Results  
 
3.1 Literature Search 
In total, 9,383 records were identified. After screening and eligibility assessments, 20 records 
met the inclusion criteria for the narrative synthesis (Figure 1).  
 
(*Insert Figure 1.*) 
Figure 1. PRISMA flow diagram (Moher et al., 2009) to show each stage of the systematic 
eligibility process. 
3.2 Participant Characteristics 
Table 2 provides an overview of participant and study characteristics. In this review, the 20 
studies evaluated a total sample of 10,755 girls across the interventions (Mean age = 12.88 
years). Four studies reported mixed samples where girls͛ data were extracted (Bronikowski & 
Bronikowska, 2011; Haerens et al., 2006; How, Whipp, Dimmock, & Jackson, 2013; Loucaides, 
Jago, & Charalambous, 2009), with the remaining sixteen studies including girls only samples. 
The majority of studies were with girls aged 11-14 years, with only three studies (Dudley, 
Okely, Pearson, & Peat, 2010; Schofield, Mummery, & Schofield, 2005; Taymoori et al., 2008) 
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involving girls aged 15-17 years. Nine studies recruited girls only with no set eligibility criteria 
stated (Bronikowski & Bronikowska, 2011; Dewar et al., 2014; Fairclough & Stratton, 2005; 
Haerens et al., 2006; How et al., 2013; Huberty, Dinkel, & Beets, 2014; Jago et al., 2015; Jago 
et al., 2012; Loucaides et al., 2009; Martin & Fairclough, 2008; Pate et al., 2005). For the 
remaining eleven studies, four were mixed-sex interventions but reported boys͛ and girls͛ PA 
outcomes separately (Bronikowski & Bronikowska, 2011; Haerens et al., 2006; How et al., 
2013; Loucaides et al., 2009). Two studies stated that girls had to be enrolled in two semesters 
of PE (Jones, Hoelscher, Kelder, Hergenroeder, & Sharma, 2008; Young, Phillips, Yu, & 
Haythornthwaite, 2006), two targeted low active girls (Robbins, Gretebeck, Kazanis, & 
Pender, 2006; Schofield et al., 2005), one targeted girls with low PA enjoyment (Dudley et al., 
2010), one targeted girls at the preparation stage of exercise behaviour change, and one 
targeted girls who did not meet national recommendations for MVPA (Robbins, Pfeiffer, 
Maier, Lo, & Wesolek, 2012). Seventeen studies contained participant numbers <1000, with 
the smallest sample being 15 participants (Martin & Fairclough, 2008). Three studies 
contained >1000 participants (Haerens et al., 2006; Pate et al., 2005; Webber et al., 2008), 
with the largest sample being 3502 participants (Webber et al., 2008).  
 
3.3 Study Characteristics 
Eight studies were conducted in the USA (Huberty et al., 2014; Jones et al., 2008; Pate et al., 
2005; Robbins et al., 2006; Robbins et al., 2012; Spruijt-Metz, Nguyen-Michel, Goran, Chou, 
& Huang, 2008; Webber et al., 2008; Young et al., 2006), with four studies from the UK 
(Fairclough & Stratton, 2005; Jago et al., 2015; Jago et al., 2012; Martin & Fairclough, 2008), 
and four from Australia (Dewar et al., 2014; Dudley et al., 2010; How et al., 2013; Schofield et 
al., 2005). There were: fourteen randomised controlled trials (RCTs) (Bronikowski & 
Bronikowska, 2011; Dudley et al., 2010; Haerens et al., 2006; How et al., 2013; Jago et al., 
2015; Jago et al., 2012; Jones et al., 2008; Pate et al., 2005; Robbins et al., 2006; Spruijt-Metz 
et al., 2008; Taymoori et al., 2008; Webber et al., 2008; Young et al., 2006) including three 
cluster RCTs (Dewar et al., 2014; Jago et al., 2015; Jago et al., 2012), and one pilot RCT (Dudley 
et al., 2010); five quasi-experimental studies (Fairclough & Stratton, 2005; Loucaides et al., 
2009; Martin & Fairclough, 2008; Robbins et al., 2012; Schofield et al., 2005); and one case-
crossover study (Huberty et al., 2014). Five studies had PA measurement periods of 12 to 36 
11 
months (Bronikowski & Bronikowska, 2011; Dewar et al., 2014; Haerens et al., 2006; Jones et 
al., 2008; Webber et al., 2008), including two which utilised a long-term follow-up (i.e., шϭϮ 
months) after the cessation of the intervention (Bronikowski & Bronikowska, 2011; Dewar et 
al., 2014). Eight studies had PA measurement periods of 5 to 12 months (Huberty et al., 2014; 
Jago et al., 2015; Jago et al., 2012; Pate et al., 2005; Robbins et al., 2012; Spruijt-Metz et al., 
2008; Taymoori et al., 2008; Young et al., 2006), including four studies that incorporated 
short-term follow ups (i.e., ч 6 months post-end of intervention) (Huberty et al., 2014; Jago 
et al., 2015; Spruijt-Metz et al., 2008; Taymoori et al., 2008). Seven studies had measurement 
periods that were less than 4 months and did not include follow-up measurements (Dudley 
et al., 2010; Fairclough & Stratton, 2005; How et al., 2013; Loucaides et al., 2009; Martin & 
Fairclough, 2008; Robbins et al., 2006; Schofield et al., 2005). Eight studies were published 
since 2010 (Bronikowski & Bronikowska, 2011; Dewar et al., 2014; Dudley et al., 2010; How 
et al., 2013; Huberty et al., 2014; Jago et al., 2015; Jago et al., 2012; Robbins et al., 2012). 
 
3.4 Intervention Characteristics  
Ten studies reported multi-component interventions (Dewar et al., 2014; Haerens et al., 2006; 
Huberty et al., 2014; Jones et al., 2008; Pate et al., 2005; Robbins et al., 2006; Robbins et al., 
2012; Taymoori et al., 2008; Webber et al., 2008; Young et al., 2006). Components included 
school environment adaptions, modified PE lessons, extra-curricular PA sessions, educational 
sessions, counselling sessions, and provision of further opportunities to be physically active 
(e.g., lunch and break time PA clubs). Ten studies reported single-component interventions. 
Four of these were modified PE lessons (Bronikowski & Bronikowska, 2011; Dudley et al., 
2010; Fairclough & Stratton, 2005; How et al., 2013; Martin & Fairclough, 2008), three were 
after-school dance interventions (Jago et al., 2015; Jago et al., 2012), two were educational-
based interventions (Schofield et al., 2005; Spruijt-Metz et al., 2008) and one was a modified 
playground intervention (Loucaides et al., 2009). Eighteen of the interventions provided an 
opportunity for the participants to engage in PA, such as modified active PE lessons, 
lunchtime PA sessions and after-school PA clubs. Twelve of the interventions incorporated an 
educational component. Ten interventions lasted for less than 4 months in total duration 
(Dudley et al., 2010; Fairclough & Stratton, 2005; How et al., 2013; Huberty et al., 2014; Jago 
et al., 2015; Loucaides et al., 2009; Martin & Fairclough, 2008; Robbins et al., 2006; Schofield 
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et al., 2005; Spruijt-Metz et al., 2008), with the shortest intervention period being reported 
as 5-7 days (Spruijt-Metz et al., 2008). Five interventions lasted 6-10 months (Jago et al., 2012; 
Pate et al., 2005; Robbins et al., 2012; Taymoori et al., 2008; Young et al., 2006), and five 
lasted for 12-36 months (Bronikowski & Bronikowska, 2011; Dewar et al., 2014; Haerens et 
al., 2006; Jones et al., 2008; Webber et al., 2008). 
 
3.5 Intervention Delivery 
Thirteen of the interventions were delivered by school staff including PE teachers 
(Bronikowski & Bronikowska, 2011; Dewar et al., 2014; Dudley et al., 2010; Fairclough & 
Stratton, 2005; Haerens et al., 2006; How et al., 2013; Huberty et al., 2014; Jones et al., 2008; 
Martin & Fairclough, 2008; Pate et al., 2005; Spruijt-Metz et al., 2008; Webber et al., 2008; 
Young et al., 2006). Two were delivered by dance instructors (Jago et al., 2015; Jago et al., 
2012), who taught dance-specific sessions. Two were delivered by a research team (Schofield 
et al., 2005; Taymoori et al., 2008), one was delivered by the school nurse and physical activity 
club instructors (Robbins et al., 2012), and one was delivered through a combination of an 
online advice programme, a paediatric nurse and a phone-based research assistant (Robbins 
et al., 2006). One intervention was a playground modification which had no direct deliverer 
(Loucaides et al., 2009). 
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Table 2. Study characteristics, and key findings from each intervention. 
Study Design & 
Country 
Underpinning 
Theory 
Participants  Intervention Duration 
& Measurement Period 
PA Measurement 
Method & PA 
Outcome Measure  
Key Findings 
1. Bronikowsk
i et al. 
(2011) 
 
RCT, 
Poland  
HellisoŶ͛s 
Model of 
Teaching 
Responsibility 
through PA 
n= 170; Mean 
age= 13.22 (0.3) 
 
Mixed sex study 
15-month intervention 
& 30-month study from 
baseline post-
intervention (month 15 
to follow-up (month 
30). 
Self-report & 
Frequency of 
weekly leisure-time 
PA 
Significantly increased trends in the frequency of undertaking leisure 
time PA in INT groups for girls (p <.01), differences sustained in the 
15-month follow-up after cessation of the intervention. 
2. Dewar et 
al. (2014) 
 
Cluster 
RCT, 
Australia  
Social 
Cognitive 
Theory 
n= 357; Mean 
age= 13.2 (0.5) 
 
Girls only study 
12-month intervention 
& 24-month study from 
baseline to post-
intervention (12 
months) and follow-up 
(month 24). 
Accelerometry and 
Self-report & % of 
MVPA per valid day 
No observed improvements for PA levels. Self-report data shows 
girls in the INT group had a significantly greater reduction in 
sedentary activities (-56.4 min/day; p<.05).  
3. Dudley et 
al. (2010) 
 
Pilot RCT, 
Australia 
Social 
Cognitive 
Theory 
n= 38; Mean age= 
16.5 (0.2) 
 
Girls with low 
levels of PA 
enjoyment only  
11-week intervention & 
3 month study from 
baseline to post-
intervention. 
Accelerometry & 
Accelerometry 
counts 
There was a non-significant smaller decline in participation in PA 
during school sport for INT group compared to CON group. 
 
4. Fairclough 
et al. 
(2005) 
 
Quasi-
Experime
ntal 
Design, 
England  
None 
specified 
n= 26; Mean age= 
12.4 (0.4) 
 
Girls only study 
5-week intervention & 
6-week study from 
baseline to post-
intervention. 
Direct Observation 
and HR Monitor & 
% of lesson time in 
MVPA 
INT group engaged in significantly more MVPA in PE lesson than 
those in the CON lesson (18.5% vs 13.5%; p <.05). INT group 
engaged in MVPA for an average of 11.9% more lesson time than 
the CON group.  
5. Haerens et 
al. (2006) 
 
RCT, 
Belgium  
The Theory of 
Planned 
Behaviour and 
The Trans-
theoretical 
Model 
n= 1039; Mean 
age= 13.1 (0.8) 
 
Mixed sex study 
24-month intervention 
& 24-month study from 
baseline to 12 and 24 
post-baseline. 
Accelerometry and 
Self-report & 
Minutes of total PA 
per day 
Time spent in PA of light intensity decreased significantly less for 
girls in the INT groups (-2 min/day) compared with the CON group (-
20 min/day, p <.05) at 2 years post-baseline. 
6. How et al. 
(2013) 
 
RCT, 
Australia 
Self-
determination 
theory 
n= 125; Age= Year 
8 (13-14 years) 
 
Mixed sex study 
15-week intervention & 
15-week study from 
pre-intervention to 
post-intervention 
Accelerometry & % 
of lesson time in 
MVPA 
Girls who chose Option 3 INT group (24.5%; design own lessons 
based on advice/guidelines) were significantly (both p <.01) more 
physically active for a greater percentage of time than CON (19.1%; 
standard lesson) and Option 2 INT group (16.5%; ͚PE development 
offiĐer͛Ϳ 
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7. Huberty et 
al. (2014) 
 
Case-
crossover 
Design, 
USA 
None 
specified 
n= 59; Mean age= 
11.3 (0.7) 
 
Girls only study 
12-week intervention & 
7/8 month study from 
baseline to mid-1, mid-
2, post-intervention 
and 3 months follow-
up. 
Accelerometry & 
Total MVPA 
minutes per day 
INT group was associated with a statistically significant (p <.05) 
increase in MVPA compared to CON group for girls aged 11-13 years 
= (1.5 min, 95CI 0.4 to 2.6).  
8. Jago et al. 
(2012) 
 
Cluster 
RCT, 
England 
None 
specified 
n= 203; Age= Year 
7 (11-12 years) 
 
Girls only study 
9-week intervention & 
5-month study from 
baseline to time 1 
(week 8 or 9) and time 
2 (3 months follow-up).  
Accelerometry & 
Weekday MVPA 
minutes 
At time 1 there was a -6.8 difference in MVPA week day minutes for 
the INT group compare to the CON incentive group (95CI 18 to 4). At 
time 2 there was an 8.7 difference between INT group compared to 
CON incentive group (95CI 6 to 12). Wide confidence intervals 
suggest potential positive but not significant intervention effects. 
9. Jago et al. 
(2015) 
 
Cluster 
RCT, 
England 
Self-
determination 
theory 
n= 571; Age= Year 
7 (11-12 years) 
 
Girls only study 
8-month intervention & 
12-month study from 
baseline to time 1 (17-
20 weeks) and time 2 
(52 weeks). 
Accelerometry & 
Weekday MVPA 
minutes 
No evidence that the after school dance programme had any 
significant effect on weekday MVPA levels, overall PA or PA during 
the afterschool period. However, during the afterschool period on 
dance days versus non-dance daǇs͛ girls obtained 15 minutes more 
LPA, 4.7 minutes more MVPA and 258 more accelerometer counts.  
10. Jones et al. 
(2008) 
 
RCT, USA Social 
Cognitive 
Theory and 
the Trans-
Theoretical 
Model 
n= 718; Mean 
age= 11.6 (0.4) 
 
Girls only study 
must be enrolled 
in 2 semesters of 
PE 
18-month intervention 
& 18-month study from 
baseline to interim-
intervention (month 
6/7/8) to follow-up 
(month 18). 
Self-report & Total 
MVPA minutes per 
day 
INT group had higher means for overall total daily minutes of PA and 
daily MVPA minutes at follow-up compared to CON group. But, only 
total daily minutes of VPA were significantly higher at follow-up for 
INT (difference= 6 min, 95% CI = 5.82–6.18, p= 0.05) compared to 
CON. A 45.4% increase in VPA minutes from baseline for INT group 
(CON= 4.1% decrease). 
11. Loucaides 
et al. 
(2009) 
 
Quasi-
Experime
ntal 
Design, 
Cyprus 
None 
specified 
n= 114; Mean 
age= 11.1 (0.3) 
 
Mixed sex study 
4-week intervention & 
5-6 week study from 
pre-intervention and 4 
weeks post-
intervention. 
Pedometer & Step 
count 
Small but non-significant increase in mean steps observed during 
20-minute break period in INT 2 school 852 (384) to 1004 (525) from 
baseline to post INT. Compared to slight decreases in both CON 
1055 (421) to 962 (466) and INT 1 school 1224 (403) to 1150(339).  
12. Martin & 
Fairclough 
(2008) 
 
Quasi-
Experime
ntal 
Design, 
England 
None 
specified 
n= 15; Age= Year 
7 (11-12 years) 
 
Girls only study 
4-week intervention & 
8-week study from pre-
intervention (1-4 
weeks) to post-
intervention (week 8). 
 
Accelerometry & % 
of lesson time in 
MVPA 
Girls engaged in MVPA pre-INT for 29.7% (16.6 min) of lesson time, 
which increased to 34.9% (19.3 min) during intervention lessons 
(p.05).  
13. Pate et al. 
(2005) 
 
RCT, USA Social 
cognitive 
theory 
n= 2744; Mean 
age= 13.6 (0.6) 
 
Girls only study 
8-10 month 
intervention (1 school 
year) & 12-month study 
from baseline (spring 
8th grade) to follow-up 
(spring 9th grade). 
Self-report & 30-
minute blocks of 
MVPA per day 
Increases observed in self-reported ш two 30 minute blocks of MVPA 
per day for INT group from baseline to post INT 68.6% to 72.0% but, 
results were not significant. However, there were significant 
differences in the percentage of girls who reported regular VPA in 
the INT group compared to the CON group (44.5% vs 36.4%). A 
significant increase of 8% (p<.05). 
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14. Robbins et 
al. (2006) 
 
RCT, USA PeŶder͛s 
Health 
Promotion 
Model and 
the Trans-
theoretical 
Model  
n= 77; Age= 
Grade 6-8 (11-14 
years) 
 
Low active girls 
only study 
12-week intervention & 
12-week study from 
baseline (week 1) to 
post-intervention (week 
12). 
Self-report & 
Minutes in MPA 
plus VPA 
No differences in self-reported PA between the INT and CON groups. 
Both the INT group and CON group showed increases in minutes in 
MPA plus VPA across 2 weekdays and 2 weekend days but these 
were non-significant. 
15. Robbins et 
al. (2012) 
 
Quasi-
Experime
ntal 
Design, 
USA 
PeŶder͛s 
Health 
Promotion 
Model  
n= 69; Mean age= 
11.44 (0.7) 
 
Girls <MVPA 
national 
recommendations 
only  
6-month intervention & 
6-month study from 
baseline to 6 months 
follow-up. 
Accelerometry & 
Minutes of MVPA 
per hour 
No statistically significant differences in PA levels for minutes of 
MVPA per hour for the INT or CON group. But, the differences were 
in the expected direction, with the INT group having slightly higher 
improvement in minutes of MVPA per hour (0.43) compared to CON 
group (0.07) from baseline to 6 months follow-up. 
16. Schofield et 
al. (2005) 
 
Quasi-
Experime
ntal 
Design, 
Australia 
None 
specified 
n= 85; Mean age= 
15.8 
 
Low active girls 
only 
12-week intervention & 
12-week study from 
pre-intervention, mid-
intervention (week 6) 
and post-intervention 
(week 12). 
Pedometer and 
Self-report & Step 
count 
Pedometer INT group significantly increased their total PA (Avg 
mean daily steps increase of 2747), when compared with the CON 
group (p<.05) at post-INT.  
17. Spruijt-
Metz et al. 
(2008) 
 
RCT, USA Self-
Determinatio
n Theory and 
the Theory of 
Meanings of 
Behaviour  
n= 459; Mean 
age= 12.47 (0.6) 
 
Girls only study 
5-7 day intervention & 
6-7 month intervention 
from baseline (3 
months prior to 
intervention) to follow 
up (3 months post-
intervention). 
Self-report & 30-
minute blocks of 
activity of various 
intensities 
No significant effects on PA of any intensity; VPA, MVPA MPA or 
LPA. However, the intervention had a significant effect on reducing 
time spent on SB (p<.05). 
 
18. Taymoori 
et al. 
(2008) 
 
RCT, Iran Pender's 
Health 
Promotion 
Model and 
Trans-
theoretical 
model  
n= 161; Mean 
age= 14.79 (0.4) 
 
Girls at 
preparation stage 
of exercise 
behaviour change 
only 
6-month intervention & 
12-month intervention 
from pre-intervention 
to post-intervention 
(month 6) to 6 month 
follow-up (month 12. 
  
Self-report & 
Minutes of total PA 
per day 
TTM and HP group increased mean minutes of PA per day from 
27.16 (12.02) at pre-INT to 75.80 (27.52) at post-INT with a slight 
drop to 60.04 (24.87) at follow-up (both p <.05) compared to CON 
group. This was similar for the solely HP group increasing from 28.56 
(11.30) to 73.61(28.73) at post-INT with a drop to 56.79 (27.58) at 
follow-up (both p<.05) compared to CON group. 
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19. Webber et 
al. (2008) 
 
RCT, USA Operant 
Learning 
Theory, Social 
Cognitive 
Theory, 
Organizationa
l Change 
Theory and 
The Diffusion 
of Innovation 
Model in a 
Social-
ecologic 
Framework 
n= 3504; Age= 
Grade 6-8 (11-14 
years) 
 
Girls only study 
36-month intervention 
& 36-month study from 
baseline to month 24 
post-intervention (staff 
directed) to month 36 
(program champion) 
post-intervention. 
 
Accelerometry & 
Average daily 
minutes of MET-
weighted minutes 
of MVPA 
After the 2 years staff-directed INT, there were no differences 
(mean= −Ϭ.4, 95% CI= CI= −8.Ϯ to 7.4) in adjusted MET-weighted 
minutes of MVPA between 8th-grade girls in schools assigned to INT 
or CON groups. However, significant differences were found 
between INT and CON groups after an additional year of program 
champion delivered intervention (INT group 10.9 minutes more 
MET-weighted MVPA, p<.05). 
20. Young et al. 
(2006) 
 
RCT, USA Social Action 
Theory 
n= 221; Mean 
age= 13.8 (0.5) 
 
Girls only study 
must be enrolled 
in 2 semesters of 
PE 
8-month intervention & 
9-month study from 
baseline to follow-up 
(month 8 or 9). 
Self-report & 
Estimated total 
energy expenditure 
INT classes spent 46.9% of PE class time in MVPA compared with 
30.5% of the time for control classes (p<.001). However, while the 
INT was successful in increasing MVPA in PE class, no changes were 
observed in overall, daily, moderate, or hard to very hard mean 
energy expenditure in either the INT or the CON group. 
Notes. CON = Control, INT = Intervention, PA = Physical Activity, SB = Sedentary Behaviour, MVPA = Moderate to Vigorous Physical Activity, VPA = Vigorous Physical Activity, LPA = Light 
Physical Activity, MPA = Moderate Physical Activity, min = Minutes, PE = Physical Education, TTM = Trans-theoretical Model, HP = Health Promotion, RCT = Randomised Control Trial.  
For mixed sex studies participant characteristics are shown for girls only. 
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3.6 Outcome Measures  
Five methods were used to measure PA (Table 2). PA was objectively measured with 
accelerometers in ten studies (Dewar et al., 2014; Dudley et al., 2010; Haerens et al., 2006; 
How et al., 2013; Huberty et al., 2014; Jago et al., 2015; Jago et al., 2012; Martin & Fairclough, 
2008; Robbins et al., 2012; Webber et al., 2008), and subjectively measured through self-
report questionnaires in nine studies (Bronikowski & Bronikowska, 2011; Dewar et al., 2014; 
Haerens et al., 2006; Jones et al., 2008; Pate et al., 2005; Robbins et al., 2006; Spruijt-Metz et 
al., 2008; Taymoori et al., 2008; Young et al., 2006). Two studies combined self-report and 
accelerometers (Dewar et al., 2014; Haerens et al., 2006), one study used pedometers 
(Loucaides et al., 2009), one study combined pedometers and self-reported PA (Schofield et 
al., 2005), and one study used heart rate (HR) and direct observation (Fairclough & Stratton, 
2005). Seven out of eight studies published from 2010 onwards utilised accelerometers 
(Dewar et al., 2014; Dudley et al., 2010; How et al., 2013; Huberty et al., 2014; Jago et al., 
2015; Jago et al., 2012; Robbins et al., 2012). Eight out of twelve studies published from 2005 
to 2010 used self-reported measures of PA (Haerens et al., 2006; Jones et al., 2008; Pate et 
al., 2005; Robbins et al., 2006; Schofield et al., 2005; Spruijt-Metz et al., 2008; Taymoori et al., 
2008; Young et al., 2006).  
Thirteen different units of measurement were used to report a change in PA levels (Table 2). 
Studies reported percentage of lesson time in MVPA (Fairclough & Stratton, 2005; How et al., 
2013; Martin & Fairclough, 2008), weekday MVPA minutes (Jago et al., 2015; Jago et al., 
2012), total week MVPA minutes per day (Huberty et al., 2014; Jones et al., 2008), self-
reported 30 minute blocks of activity (Pate et al., 2005; Spruijt-Metz et al., 2008), minutes of 
total PA per day (Haerens et al., 2006; Taymoori et al., 2008), MVPA per hour (Robbins et al., 
2012), total MVPA percentage per valid day (Dewar et al., 2014), average daily minutes of 
MET-weighted minutes of MVPA (Webber et al., 2008), minutes in MPA plus VPA (Robbins et 
al., 2006), estimated total energy expenditure (Young et al., 2006), accelerometer counts 
(Dudley et al., 2010), self-reported frequency of weekly leisure-time PA (Bronikowski & 
Bronikowska, 2011), and step counts (Loucaides et al., 2009; Schofield et al., 2005). As 
thirteen different units of measurement were used to assess PA, from this point onwards, 
changes in PA across groups of studies with different units of measurement, will be referred 
to as ͚aĐtiǀitǇ͛.  
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3.7 Behaviour Change Theories 
Thirteen studies explicitly reported that the interventions incorporated one or more 
behaviour change theories. These were Social Cognitive Theory (Dewar et al., 2014; Dudley 
et al., 2010; Jones et al., 2008; Pate et al., 2005; Webber et al., 2008), The Theory of Planned 
Behaviour (Haerens et al., 2006), Trans-theoretical Model (Haerens et al., 2006; Jones et al., 
2008; Robbins et al., 2006; Taymoori et al., 2008), Self-Determination Theory (How et al., 
2013; Jago et al., 2015; Spruijt-Metz et al., 2008), PeŶder͛s Health Promotion Model (Robbins 
et al., 2006; Robbins et al., 2012; Taymoori et al., 2008), Theory of Meanings Behaviour 
(Spruijt-Metz et al., 2008), and The Social Action Theory (Young et al., 2006). The largest study 
(Webber et al., 2008) incorporated numerous theories within a Socio-ecologic Framework, 
including Operant Learning Theory, Social Cognitive Theory, Organisational Change Theory, 
and The Diffusion of Innovation Model. One study (Bronikowski & Bronikowska, 2011) used 
HellisoŶ͛s Model of Teaching Responsibility through PA. Only five of the studies underpinned 
by behaviour change theory lasted 12 months or longer. The remaining six studies, which used 
relatively modest sample sizes (n ч 203) did not specify the use of a behaviour change model 
or theory (Fairclough & Stratton, 2005; Huberty et al., 2014; Jago et al., 2012; Loucaides et 
al., 2009; Martin & Fairclough, 2008; Schofield et al., 2005). 
 
 
3.9 Risk of Bias (Table 3) 
Fifteen studies provided outcome data with <20% dropout/withdrawal rates. Thirteen studies 
employed objective measures of PA, either for the complete sample size or for a sub-sample. 
Only seven of the included studies described the randomisation processes. Although eleven 
studies stated a randomisation procedure, the majority (n=10) did not provide an explicit 
explanation of the randomisation process (Bronikowski & Bronikowska, 2011; Haerens et al., 
2006; How et al., 2013; Loucaides et al., 2009; Martin & Fairclough, 2008; Pate et al., 2005; 
Robbins et al., 2012; Schofield et al., 2005; Spruijt-Metz et al., 2008; Webber et al., 2008; 
Young et al., 2006), which led to their poor randomisation scores. All studies scored weakly 
for allocation of concealment and/or blinding, with just two studies attempting to blind 
intervention staff (Jago et al., 2012; Webber et al., 2008). Only one study received a ͚ǀerǇ 
stroŶg͛ risk of bias score (Jago et al., 2012); three studies received a ͚stroŶg͛ risk of bias score 
(Fairclough & Stratton, 2005; Jago et al., 2015; Webber et al., 2008); ten studies received a 
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͚ŵoderate͛ risk of bias score (Dewar et al., 2014; Dudley et al., 2010; How et al., 2013; Huberty 
et al., 2014; Jones et al., 2008; Loucaides et al., 2009; Martin & Fairclough, 2008; Robbins et 
al., 2006; Robbins et al., 2012; Taymoori et al., 2008), six studies received a ͚ǁeak͛ risk of bias 
score (Bronikowski & Bronikowska, 2011; Haerens et al., 2006; Pate et al., 2005; Schofield et 
al., 2005; Spruijt-Metz et al., 2008; Young et al., 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20 
Table 3. Risk of bias assessment  
 Study Appropriate 
sequence 
generation 
and/or 
randomisation 
Allocation 
concealment 
and/or 
blinding 
Complete 
outcome 
data and/or 
low 
withdrawal
/drop-out 
Appropriate 
outcome 
measure 
(PA) 
Risk of 
Bias 
Score 
1. Bronikowski 
et al. 2011 
  X  
 
* 
2.  Dewar et al. 
2014 
X   X ** 
3. Dudley et al. 
2010 
X   X ** 
4. Fairclough et 
al., 2005 
X  X X *** 
5. Haerens et 
al. 2006 
   X * 
6. How et al. 
2013 
  X X ** 
7. Huberty et 
al. 2014 
  X X ** 
8. Jago et al. 
2012 
X  X X *** 
9. Jago et al. 
2015 
X X X X **** 
10. Jones et al. 
2008 
X  X  
 
** 
11. Loucaides et 
al. 2009 
  X X ** 
12. Martin et al. 
2008 
  X X ** 
13. Pate et al. 
2005 
  X  
 
* 
14. Robbins et 
al. 2006 
X  X  ** 
15. Robbins et 
al. 2012 
  X X ** 
16. Schofield et 
al. 2005 
   X * 
17. Spruijt-Metz 
et al. 2008 
  X  
 
* 
18. Taymoori et 
al. 2008 
X  X  ** 
19. Webber et 
al. 2008 
 X X X *** 
20. Young et al. 
2006 
  X  
 
* 
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3.10 Meta-analysis 
Of the 20 studies included in the narrative synthesis 17 provided sufficient data for inclusion 
in the meta-analysis. Huberty et al. (2014) was excluded for not reporting sample size, Martin 
and Fairclough (2008) did not use a control group and Webber et al. (2008) did not report 
variance of data. CoheŶ͛s (1988) effect size criteria were used to interpret the overall 
treatment effect for the main analysis and subgroup analyses. Of the 17 included studies, 12 
reported a small effects (g= -0.29 to 0.26), four studies reported moderate to strong effects 
(g = 0.65 to 1.04) and one reported a very strong effect size (g = 3.43) (Taymoori et al., 2008). 
The meta-analysis revealed a significant small positive treatment effect (k=17, g= 0.37, p<.05,) 
for school-based PA interventions for adolescent girls (Table 4). Heterogeneity analysis 
indicated significant between-study variance (Q= 80.12, p<0.001; I2= 94.91%). The Taymoori 
et al. (2008) intervention was identified as an outlier due to large residual effects (z= 7.61). 
Once this study was removed the average treatment effect was significantly reduced by 0.30, 
indicating a very small positive effect which approached significance (k = 16, g= 0.07, p=.05) 
(Figure 2). Heterogeneity was also substantially reduced when the outlier was removed (Q = 
23.98, p = 0.05; I2 = 0.01%).   
 
(*Insert Figure 2.*)  
Figure 2. Forest plot with outlier removed (k= 16). Graph depicts effect size and 95% CI for 
individual studies and the pooled estimate. 
 
Inspection of the funnel plot for publication bias indicated asymmetry. The trim and fill 
procedure added 3 studies to the left side of the plot which reduced the overall treatment 
effect by 0.01. OrǁiŶ͛s fail-safe N calculation suggested that there would need to be 16 
unpublished studies to reduce the treatment effect to a target effect size of g= 0.11, and 
Egger͛s regression test was significant (z = 2.07, p<.05). Collectively, these results indicated a 
high probability of publication bias.   
 
Although heterogeneity from the pooled analysis was low, the individual effects from the 
included studies were extremely inconsistent, ranging from g= -0.29 to 1.04. Thus, subgroup 
analyses were performed as planned to explore whether the identified subgroups moderated 
the average intervention effect. The identified outlier study was removed from the relevant 
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subgroups in all analyses. Significant effects were observed for studies with * or ** bias 
ratings (k= 13, g = 0.09, p<.05), for multi-component interventions (k= 7, g = 0.09, p<.05), and 
for interventions underpinned by theory (k= 12, g = 0.07, p<.05) but the magnitudes of these 
were small (Table 4). Subgroup analyses also revealed no effect for whether the interventions 
were targeted at girls only or mixed-sex, although only 3 mixed sex studies were included. 
 
Table 4. Sub-group analyses  
 
 
The three studies excluded from the meta-analysis all indicated positive results. Huberty et 
al. (2014) found that on the days the after school club was delivered the intervention group 
significantly increased MVPA by 1.5 minutes compared to the control group (non-afterschool 
club). Martin and Fairclough (2008) found that girls increased their percentage of lesson time 
MVPA by 5.2% (2.7 minutes) from non-intervention lessons to intervention lessons. Webber 
et al. (2008) found no significant differences after 2 years of the staff directed intervention. 
However, after a further year of program champion delivered intervention, girls had 
significantly more MET-weighted minutes of MVPA (10.9) compared to girls in the control 
school.  
Subgroup Variables  Effect size statistics  Null test Heterogeneity statistics  Publication bias 
k g SE 95%CI Z Q I2 Eggers͛ z  
Pooled Effect  17 0.37 0.19 0.0008, 0.73 1.96* 80.12** 94.91% 2.05* 
Pooled Effect ‡ 16 0.07 0.04 -0.002, 0.14 1.92= 23.98 0.01% 2.07* 
Measurement Method         
    Objective 10 0.16 0.14 -0.11, 0.43 1.14 17.92* 55.62% 1.71 
    Self-report ‡ 6 0.08 0.04 -0.002, 0.16 1.92= 5.81 0.04% 1.57 
Study Duration         
    Short (<6 months) 8 0.22 0.14 -0.06, 0.50 1.53 15.01* 56.92% 1.75 
    Long ‡ ;>6 ŵoŶthsͿ 8 0.06 0.04 -0.02, 0.14 1.51 8.84 0.00% 0.76 
Risk of Bias         
    * or ** ‡ 13 0.09 0.04 0.02, 0.17 2.37* 16.67 0.00% 1.93= 
    *** or **** 3 0.01 0.23 -0.44, 0.46 0.05 4.99 65.95% 1.30 
Study Design         
    Single 9 0.02 0.06 -0.09, 0.14 0.41 11.83 0.00% 2.13* 
    Multi ‡ 7 0.09 0.04 0.006, 0.18 2.09* 11.30 0.02% 1.47 
Theory Included         
    Yes ‡ 12 0.07 0.04 0.0009, 0.15 1.98* 18.35 0.01% 2.11* 
    No 4 0.06 0.20 -0.33, 0.45 0.31 5.38 38.75% 2.25* 
INT Gender Target         
    Girls Only ‡ 13 0.06 0.04 -0.02, 0.13 1.53 19.35 0.03% 1.61 
    Mixed 3 0.28 0.17 -0.05, 0.61 1.65 2.64 20.27% 0.92 
Note. ‡ Outlier reŵoǀed froŵ suďgroup. k = Ŷuŵďer of effeĐt sizes. g = effeĐt size ;Hedges͛ g). SE = standard error. 95%CI = 
confidence intervals (lower limit, upper limit). Z = test of null hypothesis. Q = test of variance between effects sizes.  I2 = total 
ǀariaŶĐe uŶeǆplaiŶed ďǇ ŵoderator. Eggers͛ z = test of puďliĐatioŶ ďias. 
= p equal to 0.05 
* p<0.05 
** p<0.001 
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4. Discussion 
This systematic review and meta-analysis examined the effect of school-based PA 
interventions on PA outcomes among adolescent girls. The meta-analysis results indicate that 
school-based PA interventions have only a very small effect on adolescent girls͛ PA levels. 
Some individual studies showed positive results and the subgroup analyses revealed promise 
for approaches underpinned by theory and multi-component interventions.  Although school-
based interventions have been suggested as being the most promising setting to intervene 
with adolescent girls (Camacho-Minano et al., 2011; Pearson et al., 2015), the observed small 
effect illustrates the difficulties and challenges of positively impacting adolescent girls͛ PA 
behaviours through the school setting. These difficulties may in part be due to a number of 
factors such as, social or cultural norms, ability to provide a wide range of PA opportunities, 
short-term intervention periods, PA measurement methods, and small sample sizes which 
precluded the detection of significance. 
Although subgroup analysis inferred a significant effect for interventions underpinned by 
behaviour change theory, this was a very small effect. This is consistent with findings from a 
recent review investigating the effectiveness of after-school PA interventions to increase 
MVPA (Mears & Jago, 2016). It was reported that a lack of convincing evidence exists that 
interventions underpinned by theory were more effective than those with no specified theory 
(Mears & Jago, 2016). The lack of a clear link between reported theoretical design and 
effectiveness could also be due to the implementation of the theories within the 
interventions. Few studies reported theoretical fidelity, which precludes direct inferences 
being made between intervention effectiveness and underpinning theory. To address this, 
future studies need to illustrate the direct links from theory to implementation as poor 
implementation of the theory could be contributing to the lack of success in some 
interventions (Naylor et al., 2015). The recently proposed Theory of Expanded, Extended, and 
Enhanced Opportunities (TEO) could provide a more practical and PA-specific theory to 
implement in school-based PA interventions, which is not clearly present in any of the 
reviewed interventions,  and warrants further exploration (Beets et al., 2016). This theory can 
be used in conjunction with other more traditional behaviour change theories but helps 
provide a more PA-specific framework, to increase PA opportunities within the school setting. 
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Multi-component interventions were also found to have small significant effects. School-
based multi-component interventions are well supported as effective approaches to impact 
adolescent PA levels (Kriemler et al., 2011; Pearson et al., 2015; Van Sluijs, McMinn, & Griffin, 
2007). Multicomponent intervention designs are consistent with the concept of 
Comprehensive School PA Programmes (CSPAPs), which are recommended as effective 
strategies to increase young people͛s PA (Centers for Disease Control and Prevention, 2013; 
World Health Organisation, 2010). CSPAPs are multicomponent in nature, aiming to intervene 
through PE, before and after school PA, during school PA, staff involvement, and family and 
community engagement. Using the CSPAP model as a form of comprehensive 
multicomponent intervention to target adolescent girls, integrated with an appropriate 
research design, may be a promising approach for future intervention efforts (Carson, Castelli, 
Beighle, & Erwin, 2014; McMullen, Ní Chróinín, Tammelin, Pogorzelska, & van der Mars, 
2015). 
Modified PE lessons were commonly used as single component interventions or as part of 
multicomponent interventions, and were effective in significantly increasing lesson time PA 
(Bronikowski & Bronikowska, 2011; Fairclough & Stratton, 2005; How et al., 2013; Martin & 
Fairclough, 2008). This supports previous research which has shown  the impact of modified 
PE lessons designed to increase MVPA, with students engaging in 24% more MVPA during 
modified PE compared with students in usual PE practice conditions (Lonsdale et al., 2013). 
Similarly, Camacho-Minano et al. (2011) suggested that school-based interventions are more 
effective when enjoyment of PE is prioritised and girls are given freedom of choice of 
activities. Enjoyment has been found to partially mediate the positive effect of modified PE 
interventions (Dishman et al., 2005), which further emphasises the importance of choice and 
enjoyment within school-based interventions for adolescent girls. This reinforces the 
importance of autonomy-supportive teaching principles such as, the Supportive, Active, 
Autonomous, Fair, Enjoyable (SAAFE) framework (Lubans et al., 2017). This evidence based 
framework encourages teachers to provide students with opportunities for autonomy during 
PA sessions to support the promotion of more activity during sessions (Lubans et al., 2017). 
However, PE occurs infrequently within schools (usually 1-2 hours per week) and accounts for 
only a very small percentage of weekly waking hours, therefore its impact on total daily MVPA 
is limited. 
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The current review reveals a shift in the last seven years in school-based PA interventions for 
adolescent girls towards objective measurements of PA rather than subjective measures. 
Specifically, accelerometers were the preferred method of measurement, in 7 out of 8 studies 
conducted since 2010. The use of accelerometer-based measures allows for a more accurate 
assessment of PA intensity (Butte, Ekelund, & Westerterp, 2012; Cain, Sallis, Conway, Van 
Dyck, & Calhoon, 2013; De Vries et al., 2009). However, accelerometers provide no contextual 
information such as, who girls are doing activity with and what activity they are doing, which 
is valuable in social and fluid environments like schools. Moreover, issues such as 
waterproofing and wear site preclude adequate assessments of some movement modes such 
as, swimming or cycling (Dollman et al., 2009). Additionally, accelerometers have been found 
to have poor wear compliance in PA studies with adolescents (Borde, Smith, Sutherland, 
Nathan, & Lubans, 2017). Few included studies utilised focus groups or interviews with 
participants post-intervention. Understanding the context for PA through these 
measurement methods may help researchers and practitioners to truly assess the 
effectiveness of interventions and refine and amend interventions.  
Risk of bias scores did not appear to be associated with intervention effectiveness. Studies 
that scored poorly (* or **) for risk of bias showed a small significant effect in subgroup 
analyses. Risk of bias scores were low across the included interventions mainly due to the 
need for a greater explanation of the randomisation process which is consistent with a 
previous systematic review of adolescent girls (Camacho-Minano et al., 2011). Thus, poor 
scores may have been due to poor reporting rather than poor methodological design.  
Without a detailed explanation of the randomisation process, it could not be confirmed that 
the groups were truly distributed randomly (Higgins & Green, 2011). As found in previous 
reviews, both for PA interventions for adolescents (Camacho-Minano et al., 2011) and school-
based behavioural interventions (Khambalia, Dickinson, Hardy, Gill, & Baur, 2012), allocation 
concealment and blinding were usually absent, and this negatively affected the risk of bias 
scores for the majority of included studies. The majority of studies showed low withdrawal 
and dropout rates (<20%) which is positive considering the range of participant numbers and 
measurement methods reported. This could be due to the structure a school environment 
provides and the influence schools have on girls of this age (Kohl & Cook, 2013).  
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4.1 Strengths and Limitations 
To our knowledge, this is the first systematic review to combine girls-only and mixed-sex 
school-based PA interventions (2005 onwards) to assess their effectiveness for adolescent 
girls. Twenty one studies were excluded from the final synthesis because the authors did not 
respond to requests to provide PA data by gender within the 7-day timescale allowed. This 
limited response time is a limitation as this data potentially could have doubled the number 
of included studies, and interaction by sex tests were not explored for these studies. The 
inclusion of all study types, including feasibility and pilot studies, may have impacted the 
overall findings of the review as these tended to be smaller scale projects with small sample 
sizes. Where multiple primary PA outcomes were reported we used MVPA or MPA wherever 
possible to maintain relevance to PA guidelines. However, there were instances were 
alternative PA outcomes were also included (e.g., steps, accelerometer counts).  
 
4.3 Conclusion 
The meta-analysis indicated a small but significant positive effect of school-based 
interventions on adolescent girls͛ PA. Sub-group analyses indicated small but significant 
effects for multicomponent interventions and interventions underpinned by theory. The 
recent trend towards the objective measurement of PA within the school setting with 
accelerometry data should continue. It is important that future research and policy makers 
continue to recognise the school environment as a vehicle for changing girls͛ PA levels with 
an emphasis on multicomponent interventions underpinned by theory.  
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